Introduction We evaluated the three-year impact of adalimumab on patient-reported physical function and healthrelated quality-of-life (HRQOL) outcomes in patients with active ankylosing spondylitis (AS).
Introduction
Ankylosing spondylitis (AS) is a chronic, inflammatory, systemic, rheumatic disease that primarily affects the axial skeleton, peripheral joints, and entheses [1] . Symptoms of AS include pain, joint stiffness, and the loss of spinal mobility. These clinical symptoms and the subsequent disease progression result in substantial functional limitations and impairment of health-related quality of life (HRQOL) [2] [3] [4] [5] . Patientreported outcome (PRO) measures have been used to provide information on the effectiveness of treatment on symptoms, functioning, and well-being outcomes. PRO measures are necessary tools, given the impact of AS on HRQOL domains, especially pain, physical function, fatigue, and psychological well-being.
Currently, two PRO instruments have been employed in the evaluation of HRQOL in AS. These are the Short Form 36 (SF-36) Health Survey, a generic measure of health status [6] , and the AS Quality of Life Questionnaire (ASQOL) [7] . Many AS studies have used the SF-36 [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , whereas use of the ASQOL has been somewhat limited [9, 16, 20, 21] . These measures have demonstrated HRQOL impairment and loss of physical functioning for patients with AS, compared with the general population. Using median SF-36 summary scores, van der Heijde and colleagues [15] demonstrated that baseline values of SF-36 Physical Component Summary (PCS) scores in patients with AS were less than the scores for the general populations of the US and Europe, while SF-36 Mental Component Summary (MCS) scores were comparable with those general populations. At least one other study reported statistically lesser baseline SF-36 scores for all eight SF-36 domains, especially those pertaining to physical function, for patients with AS compared with the US general population [22] .
The availability of new imaging techniques, therapies, and treatments over the past several years has changed the management of AS [23] . Previously, treatment options for AS were limited to nonsteroidal anti-inflammatory drugs (NSAIDs) and physiotherapy. With the availability of TNF antagonists (infliximab, adalimumab, and etanercept), AS patients have experienced improvements in the signs and symptoms of their disease. In clinical trials of TNF antagonists, improvements in clinical symptoms of AS have been sustained, lasting up to three years [11, 24] , although treatment discontinuation has been associated with relapse [24, 25] . TNF antagonists in the treatment of AS have proven efficacy for patients experiencing treatment-resistant forms of AS [26, 27] , for patients seeking to reduce the use of NSAIDs and analgesics [28] , and for patients seeking effective low-dosage [29, 30] and less-frequent treatments [12, 31] .
Adalimumab, a fully human monoclonal antibody targeted against TNF, has demonstrated short-term improvement in clinical signs and symptoms, physical function, and HRQOL in patients with active AS [16, 32] . Maintenance of improvement in clinical signs and symptoms (without new safety issues) has been demonstrated with adalimumab in patients who continued in an open-label extension trial [33] . However, in light of the substantial impairment of physical function and HRQOL observed in patients with active AS, additional long-term data are needed to determine the maintenance of benefit on both physical function and quality of life. Sustained improvements in HRQOL have been demonstrated through 72 weeks of etanercept therapy based on the SF-36 PCS and the EQ-5D [19] and through two years of infliximab therapy based on the SF-36 PCS [18] , but neither study assessed HRQOL using the ASQOL, an AS-specific questionnaire. The primary objective of our analyses was to demonstrate the effectiveness of adalimumab after three years of treatment in improving and sustaining patient-reported physical functioning and HRQOL.
Materials and methods

Patients and study design
The Adalimumab Trial Evaluating Long-Term Efficacy and Safety in AS (ATLAS) was a multicenter, randomized, doubleblind, placebo-controlled, phase III study designed to demonstrate the safety and efficacy of adalimumab in patients with active AS. Complete study information for ATLAS has been previously published [16, 17, 32] . Patients who were at least 18 years of age were recruited from 43 sites (21 in the US and 22 in Europe). Eligibility criteria included a diagnosis of AS according to the modified New York criteria [34] and an inadequate response or intolerance to at least one NSAID. Patients for whom one or more disease-modifying antirheumatic drug had failed were also allowed to participate. Patients were randomized in a 2:1 ratio to receive either adalimumab 40 mg or matching placebo subcutaneously every other week for 24 weeks (Abbott Laboratories, Abbott Park, IL, USA). Participants who did not achieve at least a 20% response according to the Assessment of SpondyloArthritis International Society criteria for improvement at weeks 12, 16, or 20 were eligible to receive open-label treatment with adalimumab 40 mg every other week (early escape therapy). After week 24, patients were eligible to continue adalimumab treatment in an open-label extension study for up to five years.
Clinical and HRQOL data from both the 24-week double-blind period and the open-label extension of the ATLAS clinical trial were used for the data analyses described in this report. Relevant institutional review boards at participating clinical centers approved the protocol, and all patients provided voluntary written informed consent.
Measures
Three PRO instruments -the Bath AS Functional Index (BASFI) [35] , the SF-36 Health Survey [6] , and the ASQOL [7] -were used in the long-term follow-up of adalimumab treatment. The Bath AS Disease Activity Index (BASDAI) was included as a measure of disease activity [36] .
(page number not for citation purposes) BASFI The BASFI consists of 10 questions designed to determine the degree of functional limitation in patients with AS. Each question is answered using a 10-cm visual analogue scale (VAS), with a recall period of the past week. The mean of the 10 scales gives the BASFI score -a value between 0 and 10, with a lower score indicating less functional limitation. The BASFI has been found to be reliable and sensitive to changes in AS [35, 37] . Pavy and colleagues [38] suggested a BASFI change of 17.5% is the minimum clinically important difference for AS patients. For our study, however, we employed a 21% or higher BASFI change as clinically meaningful, [39] because it is more conservative and more consistent with Assessment in AS International Group Criteria for 20% improvement (ASAS20) response. The ASAS20 response includes assessment of BASFI scores [40] , and was the primary endpoint of ATLAS.
SF-36
SF-36 is a generic health status instrument and consists of eight domains: Physical Function, Bodily Pain, Role Limitations-Physical (Role-Physical), General Health, Vitality, Social Function, Role Limitations-Emotional (Role-Emotional), and Mental Health. The recall period is four weeks, with greater scores reflecting better health status. A 5-to 10-point change in domain scores is considered clinically meaningful for patients with rheumatoid arthritis [41] . SF-36 also contains two summary scores (PCS and MCS) for which a 2.5 to 3.0-point change in summary scores is considered clinically meaningful for patients with rheumatoid arthritis [41] . Previous studies in patients with AS have used three or more points to determine a clinically meaningful change [16] .
ASQOL
The ASQOL is a disease-specific instrument designed to measure HRQOL in patients with AS [7] . This questionnaire was developed according to a needs-based model, which postulates that life gains its quality from the ability of individuals to satisfy their needs. The final instrument contains 18 yes/ no items on the impact of AS 'at this moment'. The total score ranges from 0 to 18, with lesser scores representing better AS-specific quality of life. Recent research has suggested that the ASQOL is a psychometrically sound and responsive measure of disease-specific quality of life in patients with AS and differences of one to two points are clinically relevant [7, 42, 43] .
BASDAI
The BASDAI is a patient-reported measure of AS disease activity. This index uses six 10-cm horizontal VASs to measure the severity of fatigue, spinal and peripheral joint pain, localized tenderness, and morning stiffness in patients with AS. The final BASDAI score has a range of 0 to 10; a lesser number represents less severe disease activity [36] .
Statistical analyses
The statistical analyses used data from the ATLAS clinical trial. A two-tailed P value of 0.05 was used to judge statistical significance. There was no adjustment for multiple statistical comparisons; however, interpretation of significant findings took the number of statistical tests into account. The sample included all patients randomized in the ATLAS trial who had a baseline PRO assessment and at least one follow-up PRO assessment for the analyses of the 24-week double-blind study period. Furthermore, we included only those patients who had a week-24 BASFI assessment and at least one more post-24-week assessment. For the long-term extension period, the analyses are based on actual study visit data (ie, weeks from baseline of the ATLAS trial), not on duration of exposure to adalimumab.
We compared baseline demographic variables, selected clinical characteristics, and PRO measures between the randomized, double-blind clinical trial patient sample and the openlabel extension patient sample to evaluate the extent of sample bias. We used chi-square tests for categorical data and paired Student t-tests for independent groups for continuous variables.
We compared baseline to week-24 changes in mean BASDAI, BASFI, SF-36 summary scales and subscales, and ASQOL scores between placebo-treated and adalimumab-treated groups during the double-blind treatment period using analysis of covariance (ANCOVA) models. ANCOVA models included baseline PRO score and treatment group. Lastobservation-carried-forward (LOCF) procedures were used to account for PRO scores after patients went into early escape therapy or who discontinued from the study. If patients started on early escape treatment before the 24-week endpoint, their last complete pre-escape therapy PRO scores were used as the endpoint score for the LOCF.
For selected PRO measures (SF-36 PCS, BASFI, and ASQOL), chi-square tests were used to compare the percentage of responders, based on changes from baseline to week 24, between the placebo-treated and adalimumab-treated groups. The minimum clinically important difference (MCID) from baseline for each PRO was defined as follows: SF-36 PCS responder, three or more point reduction; BASFI responder, 21% or more reduction; and ASQOL responder, 1.8 or more point reduction. The percentages of responders for these PRO measures also were evaluated from baseline to each open-label extension follow-up visit, using these same MCID definitions.
Long-term follow-up analyses for the open-label extension period were completed using observed data. For the BASDAI, BASFI, SF-36 summary and subscale, and ASQOL scores, we calculated the change in scores from baseline to each follow-up visit and used paired Student t-tests to assess significance of the observed changes. Changes from week 24 to each long-term follow-up visit also were calculated for the BASDAI, BASFI, and SF-36 summary and ASQOL scores. For the BADAI, BASFI, and PCS scores, we also examined mean changes during the open-label extension (i.e., from week 24 on), based on LOCF analyses. 
Results
Patients
A total of 315 patients with active AS participated in the ATLAS study; 208 were randomized to receive adalimumab and 107 to receive placebo. Most patients were white (95.6%) and male (74.9%). The average age was 42.2 years, and mean disease duration was 10.9 years. A total of 288 patients (91.4%) entered the open-label extension phase of the study. Of these 288, 236 (81.9%) had data for three years beyond their baseline visits in the ATLAS study. Of the 52 patients who enrolled in the open-label extension but did not complete three years, 17 discontinued because of adverse events.
Baseline assessments
Baseline demographic variables and mean PRO measures were comparable between the 24-week, randomized, doubleblind clinical trial sample and those who participated in the open-label extension study (Table 1) .
Baseline to week-24 double-blind results
There were statistically significant differences between the placebo-treated and adalimumab-treated groups for baseline to week-24 changes in the PRO measures (P = 0.015 to P < 0.001), except for the SF-36 MCS (P = 0.181) and Mental Health subscale scores (P = 0.551; Table 2 ). For all PRO endpoints, the adalimumab group reported greater improvements.
Similar differences were observed between placebo-treated and adalimumab-treated patients for the BASFI and ASQOL measures. For the SF-36 subscale and MCS scores, all differences were statistically significant (P < 0.05), except for the SF-36 MCS (P = 0.075), Social Function subscale (P = 0.243), and Mental Health subscale (P = 0.716) (data not shown). In the responder analysis at week 24, a greater percentage of the adalimumab-treated group demonstrated changes exceeding the a priori-stated MCIDs compared with the placebo group for the SF-36 PCS (P < 0.001), BASFI (P < 0.001), and ASQOL (P < 0.001; Table 3 ). Sixty-seven percent of the adalimumab-treated patients exceeded the threepoint MCID for the SF-36 PCS, compared with 39.8% of the placebo-treated patients. Table 4 summarizes the changes from baseline to each followup assessment during the three-year treatment period for the BASDAI, BASFI, SF-36 PCS and MCS, SF-36 subscales, and ASQOL scores. Statistically significant changes from baseline were observed for all of the BASDAI (all P < 0.001) and BASFI scores (all P < 0.001), at all time points. The time Table 3 Responder status for primary PRO measures from baseline to week 24 of the ATLAS study course of mean scores for BASDAI and BASFI from baseline to the three-year endpoint is provided in Figures 1 and 2 , respectively. Effect sizes for the BASFI scores ranged from 1.18 to 1.35. Based on LOCF, mean changes in BASDAI scores were -3.44 (P < 0.001) at year 1, -3.65 (P < 0.001) at year 2, and -3.49 (P < 0.001) at year 3. Mean change scores for BASFI via LOCF were -2.50 (P < 0.001) at year 1, -2.64 (P < 0.001) at year 2, and -2.63 (P < 0.001) at year 3.
Three-year open-label results
In addition, statistically significant improvements were observed for both the SF-36 PCS and MCS scores (all P < 0.001). Mean PCS scores improved by 8.2 points at week 24 and by 11.6 points at year 3 ( Figure 3 ). The effect sizes for the PCS scores were 0.87, 0.97, and 1.04 at years 1, 2, and 3, respectively. Mean changes in PCS scores by LOCF were 9.76 (P < 0.001) at year 1, 10.23 (P < 0.001) at year 2, and 10.03 (P < 0.001) at year 3. The SF-36 Physical Function score also demonstrated statistically significant improvements of 15.6 (week-24 assessment) to 23.3 points (after three years of adalimumab exposure). Comparable results were observed for the SF-36 MCS and other subscale scores (Table 4) . Mean changes from baseline in ASQOL scores improved at all time points from week 24 through to year 3 (all P < 0.001). ASQOL effect sizes ranged from 1.11 to 1.26. Table 5 summarizes the responder analyses for the SF-36 PCS, BASFI, and ASQOL for up to three years of adalimumab treatment. There were statistically significant percentages of responders for the SF-36 PCS scores from year 1 to year 3 (all P < 0.0001). The percentage of responders was sustained from 75.8% (year 1) to 81.9% (year 3). For the BASFI, we observed statistically significant percentages of responders (based on a 21% or greater improvement) across all assessments for up to three years of adalimumab treatment (all P < 0.001; Table 5 ). The responder rate was sustained from year 1 to year 3, ranging from 73.0% to 81.8%. Statistically significant percentages of ASQOL responders also were observed through up to three years of adalimumab treatment (all P < 0.001; Table 5 ). When a responder was defined as an improvement of at least 1.8 points, the percentage of responders was consistent from year 1 (77.0%) to year 3 (79.7%).
The SF-36 Physical Function (all P < 0.001), Role-Physical (all P < 0.003), Bodily Pain (all P < 0.001), General Health (all P < 0.03), Vitality (P < 0.001), Social Function (all P < 0.001), and Role-Emotional (all P < 0.007) subscale scores also improved from baseline through year 3 (data not shown). Table 6 summarizes the changes in selected PRO scores from the week-24 assessment to each open-label extension followup visit. For the BASDAI, small but statistically significant changes were observed for all assessments up to year 3 (all P < 0.009), except for that observed at week 30 (P = 0.240). Similarly, significant changes were observed from week 24 to each follow-up visit for BASFI scores (all P < 0.001), except for those observed at week 30 (P = 0.196) and week 36 (P = 0.100). These change scores suggest maintenance of improvement in disease activity and functional outcomes dur- ing up to three years of adalimumab treatment. SF-36 PCS scores also demonstrated statistically significant improvements from week 24 (P < 0.001; Table 6 ). Changes in PCS scores ranged from 1.8 (year 1) to 2.6 (year 3). No significant changes from week 24 were observed in the MCS (P > 0.05), with the exception of that observed at week 128 (P = 0.033). Statistically significant improvements in ASQOL from week 24 were observed through year 3 (all P < 0.002).
Discussion
This long-term, open-label extension of the ATLAS study demonstrated maintenance of improvement in physical function and HRQOL scores in patients with AS treated with adalimumab for up to three years. BASDAI scores demonstrated improvement in AS disease activity from baseline to the end of the 24-week double-blind treatment period and sustained improvement through to year 3. The benefit of adalimumab on physical function was demonstrated with sustained improvements in BASFI and SF-36 PCS endpoints over the three-year course of treatment. Improvements in the remaining SF-36 scores and the ASQOL provided further supportive evidence for more general and broad improvement in quality of life following therapy with adalimumab in patients with AS.
During the 24-week double-blind treatment period, analyses of the ATLAS study data [32] demonstrated greater improvements in the adalimumab-treated patients compared with the placebo-treated patients for changes in the BASDAI, BASFI, SF-36 PCS, and ASQOL scores. The SF-36 MCS scores did not differ between adalimumab and placebo groups. The SF-36 subscale scores, except for the Mental Health domain, also demonstrated results favorable for adalimumab compared with placebo. The changes seen in the SF-36 PCS scores exceeded the MCID and, therefore, are considered clinically meaningful. Of adalimumab-treated patients, 67% reported a clinically meaningful improvement in SF-36 PCS scores compared with 40% in the placebo group. The differences in the numbers of responders from baseline to week 24 for ASQOL scores also are considered clinically meaningful. Sixty-five percent of adalimumab-treated patients exhibited a clinically significant response on the ASQOL compared with 43% in the placebo group.
Over the course of the three-year open-label extension period, we observed significant improvements in all PRO scores, from baseline to each follow-up visit. Changes in the BASFI over time exceed the MCID for the BASFI (ie, ≥ 21% improvement) and indicate that the observed improvement over the first 24 weeks of the ATLAS study was maintained for up to three years of adalimumab treatment. Effect sizes for these changes in BASFI scores were large, ranging from 1.18 to 1.35. The BASDAI scores indicated similar consistent improvements from baseline over the course of the three-year open-label extension study. Seventy-six percent of study participants were classified as responders on the BASFI at year 1, and more than 80% were considered responders at years 2 and 3. These findings are consistent with other long-term follow-up studies of other TNF antagonists in patients with AS [8, 11, 25, 30] . Studies of other TNF antagonists in patients with AS also have detected similar improvements in SF-36 PCS and MCS scores during long-term follow-up studies [8, 11, 22] .
The results from the physical well-being-related SF-36 subscale scores (ie, Physical Function, Bodily Pain, and Role- Adalimumab treatment for up to three years improved AS-specific HRQOL, as measured by the ASQOL. Clear and consistent improvements in mean ASQOL scores from baseline were observed over the course of the open-label extension study. The observed effects are considered clinically significant as they exceed the 1.8-point MCID, and are associated with effect sizes ranging from 1.11 to 1.26. More importantly, 77% of patients in the open-label extension study were classified as responders at year 1, and 80% were responders at years 2 and 3.
There are several potential limitations associated with this study. First, the long-term results are based on an open-label extension study in which some placebo-treated patients switched to early escape adalimumab treatment from weeks 12 to 20, and all patients were switched to open-label adalimumab treatment after week 24. The addition of these patients to the long-term follow-up may have attenuated the observed effect of adalimumab on PRO endpoints. However, the data analyses found that despite the addition of these placebotreated patients, the overall results suggest consistent and robust improvements in almost all PRO measures. Second, the physical function and HRQOL measures are based on patients' self-reports, and responses to the questionnaires may have been affected by the patients' knowledge that they were receiving adalimumab treatment. Although this knowledge may have had an initial impact on inflating PRO scores, it seems unlikely that this potential bias would have been sustained during the three-year follow-up period. Third, although 82% of patients participating in the open-label extension study provided complete assessments at year 3, study dropouts may have slighted inflated the PRO endpoint scores. And, finally, these data analyses were based on observed data. However, when we employed LOCF, the results did not differ substantively from the observed-analysis results. As expected, mean changes in PRO scores observed via LOCF were slightly lower than the mean changes seen with the observed analyses.
Conclusions
In conclusion, the results of this open-label extension study demonstrated the sustained benefit of the statistically significant physical function and HRQOL improvements observed with adalimumab during the initial 24 weeks of double-blind treatment [16, 32] . Consistent and robust effects were seen on BASFI and SF-36 PCS scores, both indicating impact on physical functioning and well-being for up to three years. These effects were also clinically meaningful. The remaining HRQOL outcomes, including the remaining SF-36 subscale scores and the ASQOL, extend and further support these findings. This study demonstrates that long-term treatment with adalimumab is associated with maintenance of effectiveness on physical functioning and well-being, as well as quality of life.
